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[57] ABSTRACT 

A multiple format video signal processing system operating 
in conjunction with a display device timing system to 
produce synchronized video and timing signals suitable for 
use by a fixed horizontal scanning frequency display device. 

20 Claims, 2 Drawing Sheets 
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SYNCHRONIZED MULTIPLE FORMAT 
VIDEO PROCESSING METHOD AND 
APPARATUS 

The invention claims benefit of U.S. Provisional Appli- 
cation Ser. No. 60/060,112, filed Sep. 26, 1997 and incor- 
porated herein by reference in its entirety. 

This application is related to U.S. patent application Ser. 
No. 09/001,596 (Attorney Docket No. 12213), filed on the 
same date as the present application. 

This application is related to U.S. patent application Ser. 
No. 09/001,620 (Attorney Docket No. 12669), filed on the 
same date as the present application. 

The invention relates to video processing systems 
generally, and more particularly, video processing systems 
capable of receiving and processing a plurality of video 
signal formats, such as the various high definition and 
standard definition formats. 

BACKGROUND OF THE DISCLOSURE 

Present television receivers, such as NTSC (National 
Television Standards Committee) television receivers, 
include video processing circuitry that typically must pro- 
cess a video signal conforming to only a single, predeter- 
mined video format. Future digital television (DTV) receiv- 
ers are expected to be implemented substantially in 
accordance with the transmission standards established by 
the Advanced Television Standards Committee (ATSC). A 
similar standard is the European Digital Video Broadcasting 
(DVB) standard. A compressed digital video system is 
described in the ATSC digital television standard document 
A/53, incorporated herein by reference. Moreover, the Mov- 
ing Pictures Experts Group (MPEG) has promulgated sev- 
eral standards relating to digital data delivery systems. The 
first, known as MPEG-1, refers to ISO/IEC standards 11172 
and is incorporated herein by reference. The second, known 
as MPEG-2, refers to TSO/IEC standards 13818 and is 
incorporated herein by reference. The new DTV standards 
allow broadcasters to deliver virtually any format up to 
1920x1080 pixels. Specifically, DTV receivers must be 
capable of receiving source video comprising image 
sequences that vary in spatial resolution (480 lines, 720 
lines, or 1080 lines), in temporal resolution (60 fps, 30 fps, 
or 24 fps), and in scanning format (2:1 interlaced or pro- 
gressive scan). 

It is known in the computer industry to display multiple 
graphics formats on a so-called "multisync" display device. 
Specifically, a multisync display changes horizontal and/or 
vertical scanning frequencies in response to a change in 
graphics format. Such a multisync approach may be imple- 
mented in a video or television environment by using, e.g., 
studio equipment raster formats standardized by the Society 
of Motion Picture and Television Engineers (SMPTE). 
Unfortunately, the multisync approach leads to an increase 
in cost due to the more complicated deflection circuitry, an 
increase in power consumption, and a high inter-format 
switching latency (i.e., greater than one video frame) due to 
long time constants associated with deflection coil induc- 
tance. 

Abetter approach was disclosed by Lee in U.S. Pat. No. 
5,485,216, issued Jan. 16, 1996 for Video Conversion Appa- 
ratus for High Definition Television, incorporated herein by 
reference* in its entirety. In the Lee patent, a high definition 
television signal is decoded, then converted to a 30 Hz frame 
rate, then vertically decimated, then horizontally decimated 
and then interleaved to produce a 30 Hz, 1050 vertical 
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scanning line video signal. Thus, the Lee arrangement 
provides a brute force technique for converting a high 
definition television signal into a 30 Hz, 1050 vertical 
scanning line video signal. The format-converted television 
S signal is then processed in a conventional manner to produce 
a picture. 

Unfortunately, the Lee arrangement disadvantageously 
requires complex timing, switching and video processing 
circuitry. Moreover, the Lee arrangement merely provides a 

10 front-end format converter to a standard display device. 
Therefore, a need exists in the art for a cost-effective 
video processing system suitable for use in, e.g., a multiple 
format television receiver. It is also seen to be desirable to 
provide a video system that advantageously utilizes display 

15 timing processing that, unlike prior art front-end video 
processing systems, comprehensively reduces total system 
cost and complexity. 

SUMMARY OF THE INVENTION 

20 

The invention comprises an apparatus and method suit- 
able for use in a digital television (DTV) system. The 
invention provides a multiple format video signal processing 
system operating in conjunction with a display device timing 

^ system to produce video and timing signals that are derived 
from a single system clock, and are suitable for use by a 
fixed horizontal scanning frequency display device. The 
video signal processing system comprises a format converter 
and a frame rate converter, while the display device timing 

30 system comprises a clock circuit that produces a system 
clock and raster clock signal that are easily derived from a 
transport stream clock reference. 

Part of the invention lies in the recognition by the inventor 
that display raster signals do not need to conform to the 

35 waveforms commonly used in prior art display driver 
circuits, studio equipment and production standards. 
Specifically, the inventor recognized that considerable cost 
savings may be achieved in a multiple video format system 
by utilizing a raster (pixel) clock and horizontal and vertical 

40 deflection frequencies that are easily derived from the 27 
MHz system clock used for receiver synchronization in an 
MPEG-like video processing system. Moreover, the inven- 
tor recognized that further cost savings may be achieved by 
selecting, for use by a display device, a single horizontal 

45 scanning frequency and adapting the video format of a 
received video signal to a format defined by, e.g., the 
selected horizontal scanning frequency and the resolution of 
the display device. In addition, the inventor recognized that 
practical, low-cost television receiver may be implemented 

50 by carefully coordinating video format conversion, video 
frame rate conversion and display timing control systems 
such that good picture quality is achieved in a multiple video 
format environment. 

A method for generating video and timing signals accord- 

55 ing to the invention, and suitable for use in a system for 
processing a video stream associated with a plurality of 
video formats, including a plurality of horizontal and ver- 
tical display formats, comprises the steps of receiving the 
video stream and an associated format indicia; generating, in 

60 response to a reference clock signal associated with the 
video stream, a raster clock signal; generating, in response 
to the raster clock signal, a fixed frequency horizontal 
synchronizing signal and a vertical synchronizing signal, 
wherein the fixed frequency horizontal synchronizing signal 

65 and the vertical synchronizing signal defining an active 
viewing area on, e.g., a display device; and scaling, in 
response to the format indicia, the horizontal and vertical 
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display formats of the video stream, wherein the scaling signal RF comprising a plurality of television signals modu- 

produces a video signal suitable for producing an image lated according to a vestigial sideband (VSB), quadrature 

within the defined active viewing area. amplitude modulation (QAM) or other suitable modulation 

The invention is an apparatus for use in a system receiving scheme^ The provided RF television signals are coupled to 

and decoding MPEG-like information streams to produce an 5 tuner 104, which downconverts a desired television signal to 

output video signal suitable for use by a display device, the PF*" a &tsl mtennediate frequency (IF) television signal 

»«nrv- i i • c .■ . ■ a ■ t .• IF- A demodulator 106, illustratively a VSB or QAM 

MPEG-like ^formation streams carrying video information demodulalor> demo dulates the IF television signal IF to 

having a plurality of video formats, the display device ^ a informaUon stream sl inilstrative i y ^ 

associated with a native display format and a nominal M PEG-like system stream SI containing one or more 

display frequency, and the apparatus comprising: a clock io MPEG . like program iransport streams. 

circuit, for producing a first clock signal suitable for deriving ^ MPEG . &e trans rt streams are 

all necessary clock signals used within at least a decoder to Aamt% m ^ each t rt stream 

portion of the system, and suitable for use as a display clock, ^ transports the video and audio portions of a single 

including a second clock signal suitable for use as a system such m a movie or other wSowui program . 

clock; and a raster generator, coupled Ao said clock circuit, M ^ ^ ort stream ^ a lufali of 

for denying from the first clock signal raster timing signals element streams js^ed with the video and audio 

having frequencies appropriate to the display. pordons of , he ttIMported ^.^^ program . 

BRIEF DESCRIPTION OF THE DRAWINGS Transport demultiplexer 108 operates in a known manner 

„ . . . , . , ... . n to demultiplex a particular program transport stream from 

The teachings of the present invention can be readily me mpeg^ system stream sl . Elementary audio stream 

understood by considering the following detailed descnp- (g) s3 ^ ^ demultip i exed program 

lion u, conjunction with the accompanying drawrags, in ^ m ^ an ^ U5 fof d<Jcoding 

w 10 ' prior to processing by an audio driver circuit (not shown). 

FIG. 1 shows high-level block diagram of a television Elementary video stream(s) S2 associated with the demul- 

receiver according to the invention; and tiplexed program transport stream are coupled to video 

FIG. 2 depicts a representation of total and active picture decoder 120. 

areas of a 16x9 aspect ratio picture produced by a display Transport demultiplexer 108 also extracts a program 

device. clock reference (PCR) signal included in so-called adapta- 

To facilitate understanding, identical reference numerals 30 tion fields of selected transport stream packets (i.e., refer- 

have been used, where possible, to designate identical ence packets) of the demultiplexed program transport 

elements that are common to the figures. stream. The PCR is a sample of the 27 MHz clock that was 

ncT . 1T c „ nccrDT1)Trnw used to encode the demultiplexed program transport stream 

prior to transmission of the program transport stream. The 

The invention claims benefit of U.S. Provisional Appli- 35 extracted PCR is coupled to clock circuit 110. 

cation Ser. No. 60/060,112, filed Sep. 26, 1997, and incor- C\o& circuit 110 comprises, illustratively, a phase locked 

porated herein by reference in its entirety. i oop (pjx) 112, a voltage controlled oscillator (VCO) 114 

The invention will be described within the context of a and a frequency scaler 116. The clock circuit 110 generates 

digital television (DTV) receiver, illustratively an ATSC a system clock f^, illustratively a 27 MHz system clock 

television receiver. However, it will be apparent to those 40 suitable for processing MPEG-like information streams. The 

skilled in the art that the invention is applicable to any clock circuit 110 utilizes the PCR extracted from the demul- 

multiple format video processing system, including those tiplexed program transport stream to lock the decoder sys- 

systems adapted to DVB, MPEG-1, MPEG-2 and other tem clock (ix., the system clock f^) of DTV receiver 100 

information streams. to the system clock of the encoder that produced demulti- 

FIG. 1 shows high-level block diagram of a DTV receiver 45 plexed program transport stream. The clock circuit 110 also 

100 according to the invention. Specifically, the DTV generates a raster clock ij^r, illustratively a 61.5 MHz, 81 

receiver 100 comprises a video processing section and a MHz, 94.5 MHz or 108 MHz raster clock suitable for 

display device timing section. The video processing section generating an image on a display device in accordance with 

comprises a video decoder 120, a de-interlace r 130, a the invention. The raster clock ip^ STt and especially the 

vertical resizer 140, a horizontal resizer 150 and a frame 50 selection of 61.5 MHz, 81 MHz, 94.5 MHz and 108 MHz 

buffer. 160. The display device timing section comprises a clock frequencies, will be described in more detail below, 

clock circuit 110, a raster generator 190, a read address PLL 112 operates in a known manner to generate a control 

generator 180 and a write address generator 185. A video signal CI in response to a comparison of the (nominally) 27 

signal S2 to be processed by the video processing section is MHz output of the frequency scaler 116 to the PCR received 

received by, e.g., a DTV front end comprising, e.g., an 55 from the transport demultiplexer 108. VCO 114, in response 

antenna 102, a tuner 104, a demodulator 106 a transport to control signal CI, operates in a known manner to increase 

demultiplexer 108. A processed video signal S8 is displayed or decrease the frequency of the raster clock ^57-. Fre- 

(after appropriate color matrix processing) on, e.g., a display quency scaler 116 scales the frequency of the raster clock 

device 175 according to horizontal and vertical timing ^^7- to produce the 27 MHz system clock f^. In the case 

signals H-DEF and V-DEF produced by raster generator 60 of an 81 MHz raster clock I^st* frequency scaler 116 

190. A controller 200 causes the video processing section performs, e.g., a divide by three operation. In the case of a 

120-160 and display device timing sections 110, 180-190 to 61.5 MHz raster clock ( MS t> frequency scaler 116 performs, 

operate in a manner that facilitates efficient processing of a e.g., a divide by five operation followed by a multiply by two 

video signal S8 and associated timing signal for a display operation. Frequency scaler 116, in response to an optional 

device. 65 raster control signal RC from controller 200, changes the 

RF source 102 (illustratively, an antenna or cable televi- scaling parameters used to process the raster clock f^r* 

sion distribution network), provides a radio frequency (RF) thereby changing the frequency of the raster clock f^j-. 
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Video decoder 120 decodes the video stream S2 in a buffer 164. The video information stored in the output frame 

standard manner to produce a decoded video signal S4 store buffer 164 is coupled to a frame buffer output as 

having a given transmission format and frame rate. The buffered video signal S8 in response to a buffer output 

video decoder 120 examines the sequence header of video control signal OUT. Since frame buffer 160 is a double 

stream S2 to determine the format, colorimetry (if available) 5 buffering type of frame buffer, output data may be retrieved 

and other information associated with the video signal &om output frame store buffer 164 at data rate that is 

encoded within video stream S2. Upon examining the jugher (or lower) than the rate : at which input data is stored 

sequence header, video decoder 140 couples the format, m the m P ut frame / t °fu ^ U2 \ 22*1 * ^ ^ 

colorimetry and other information to an output as a header «ociatcd with video signal S7 does not need to 

data sicnal HD 10 same 35 c «> c k frequency associated with buffered 

_ . . ' . , , . , .. , video signal S8. To utilize 30 Hz video information for 60 

De-interlacer 130 receives the ^decoded video^goal S4 Hz ^ j each video frame fa rea(J m ^ fom , he 

and at least a portion of the header data signal HD. If the t frame st0fe buffef 164 before ^ next ^ frame is 

decoded video signal S4 comprises video information hav- move ^ ^ , frame s(ore buffc( . 164 

ing an interlaced format (as indicated by the HD signal) Ffame buffer M0 ^ fcrabl a double b)lfferi 

then de-mterlacer 130 converts the decoded video signal S4 is men , u d ic(ed ^ L {, m(Jst be no , ed uat * 

mto a progressive scan format video signal that is coupled to . , °, ~ . r . , , , . . # 

. . -j . 1Cf If#u j j j -j - ic^ single buffering arrangement may also be used, but that the 

an output as video signal S5. If d* decoded video signal S4 ^ M ^ ^ t0 duce , <<tearin „ 

comprises video mformation having ^Progressive scan ^ * ^ read and buffef 

format, then de-mterlacer 130 couples the decoded video .. t , , 4 . i u j- * «u 

i r«j .■• ,1 . . , . * . i op rn on wnte rates are different. In the exemplary embodiment, the 

sigrud S4 direcUy to the output as video signal S5. The ™ ^ ^ ^ (determined b d , } and the 

de-interlacer 130 may be implemented, illustratively, using ^ ^ ^ ^ detennmed b ' [he m likely to 

a motion-adaptive approach that requires trame(s) storage, ^ e diff eren t 

or using a straightforward a vertical interpolation or line „,„ , , . . 

reDetition aDoroach matrix and driver 170 receives the buffered video 

. ' . ., , . «- j . 25 signal S8. RGB matrix and driver 170 operates in a known 

Horizontal resizer 150 revives the video signal S5 and, in maflner tQ ^ buffered ^ $i j §8 according t0 

response to a control sipal HS from controller 200 selec- matfix ^efficients, transfer characteristics and color pri- 

tively changes the number of picture elements (pixels per information included within a sequence header of 

line of video information included within video signal S5. elementary ^dco stream S2. Specifically, RGB matrix and 

Horizontal resizer 150 produces a horizontally resized video drfver no erfomls me color conversion processing needed 

signal S6. Honzontal resizer ISO is capable of increasing the , Q ^ transmitted Y> Cr> q, color com p OQ6n ts to the 

number of pucels per line by, e.g., using interpolation tech- red (R)> (G) and ^ ^ color s ^ nlls needed for 

mques to calculate luminance and chrominance information djs . ^ ^ co , or ■ ^ R Q ^ B 

are coupled to 

of a new pixel to be inserted between two existing pixels. a di u device 175> where each ^ sigQal is used l0 

Honzontal resizer 150 is capable of decreasing the number drfvc> aQ associated eleclron in a icturc mbc (not 

of pixels per line by, e.g., decimating a video line by shown) u must be nQted ^ ^ ^ co{qt R ^ ^ 

removing every Nth pixel in the line. ^ B generated by RGB matrix and driver 170 may require 

Vertical resizer 140 receives the horizontally resized additional amplification by appropriate driver circuitry (not 
video signal S6 and, in response to a control signal VS from shown) before being coupled lo the display device 175. 
a controller 200, selectively changes the number of vertical 4Q Raster generator 190 generates a fixed frequency bori- 
scanning lines per frame of video information included zontaJ deflection signal H-DEF and a vertical deflection 
within video signal S6. Vertical resizer 140 produces a signa] y-DEF in a conventional manner in response to a 
vertically resized video signal S7. Vertical resizer 140 is raster clock signal -j^ raster clock signal is 
capable of increasing the number of lines per video frame generated the clock circuit 110, as previously described. The 
by, e.g., using interpolation techniques to calculate lumi- 45 horizontal and vertical deflection signals H-DEF, V-DEF are 
nance and chrominance information of a new line to be used t0 drive> e g ^ assoc i ated horizontal and vertical deflec- 
inserted between two existing lines. Vertical resizer 140 is ^on coils, respectively, in a picture tube. It must be noted 
also capable of decreasing the number of lines per video that ^ horizontal and vertical deflection signals H-DEF, 
frame by, e.g., decimating a video frame by using interpo- V-DEF generated by raster generator 190 may require ampli- 
ation techniques to calculate new scan lines at a reduced 5Q ficatjon by a pp ropri ate driver circuitry (not shown) before 
line density. being coupled to the display device 175. For example, a 

In the case of optional de-interlacer 130 being imple- horizontal deflection signal H-DEF having a frequency of 

mented using the aforementioned vertical interpolation, or 33.75 kHz may be generated by dividing, e.g., a 67.5 MHz 

line repetition approach, the de-interlacing function may be raster clock f^j- by 2000, or by dividing an 81 MHz raster 

incorporated within vertical resizing unit 140. In this case, 5S clock f^^T- by 2400. Similarly, a vertical deflection signal 

horizontal resizer 150 is coupled to receive the decoded V-DEF having a frequency of 30 Hz may be generated by 

video signal S4 directly from the video decoder 120, as dividing the horizontal deflection signal H-DEF by 112500. 

indicated by the dashed line in FIG. 1. Thus, the timing signals used for the display are derived 

Frame buffer 160 receives the selectively vertically and from a raster clock signal f^ r that is scaled, in a straight- 

horizontally resized video signal S7. Frame buffer 160 is a 60 forward manner, from the 27 MHz MPEG system clock f^. 

double buffering type of frame buffer comprising an input Write address generator 180 generates the frame buffer 

frame store buffer 162 and an output frame store buffer 164. input control signal IN in response to a control signal 

The video information within video signal S7 is stored in the WRITE, from controller 200, and the clock signal f^, or 

input frame store buffer 162 in response to a buffer input another decoder clock within the receiver. Similarly, read 

control signal IN. When the contents of the output frame 65 address generator 185 generates the buffer output control 

store buffer 164 are entirely read, the contents of the input signal OUT in response to a control signal READ, from 

frame store buffer 162 are moved to the output frame store controller 200, and a clock signal f/^^r- It is important to 
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note that the video information within video signal S7 is 
stored in the input frame store buffer 162 at a rate deter- 
mined by a system clock f^. Similarly, the video informa- 
tion stored in the output frame store buffer 164 is retrieved 
at a rate determined by a raster clock f^*^ Thus, in the case 
of, e.g., a 27 MHz decoder clock and an 81 MHz raster clock 
fjusn ^ ala k retrieved from the frame buffer 160 at three 
times the storage rate. 

Controller 200 receives format, colorimetry and other 
information relating to the decoded video signal S4 from the 
video decoder 120 via the header data signal HD. Controller 
200 utilizes this information, and additional information 
related to the display device 175 (e.g., the native format of 
the display device), to generate a vertical size control signal 
VS for vertical resizer 140, a horizontal size control signal 
HS for horizontal resizer 150, a write address control signal 
WRITE for write address generator 180 and a read address 
control signal READ for read address generator 185. Con- 
troller 200 optionally provides raster control signal RC that 
causes frequency scaler 116 to change the scaling param- 
eters used to process the raster clock (j^st* thereby changing 
the frequency of the raster clock (j^st- 

In one embodiment of the invention, all of the above 
processing and storage operations are performed using the 
4:2.0 sampling (i.e., MPEG YUV) component format in 
order to minimize processing and storage requirements. 

An ATSC receiver, such as the exemplary DTV receiver 
100 of FIG. 1, will need to process video signals according 
to at least the ATSC recommended compression formats. 
These formats are shown below in Table 1, In Table 1, "P" 
denotes progressive scan and "I" denotes interlaced scan. It 
should also be noted that the frame rate numbers shown in 
Table 1 are integer values; the ATSC standard also allows the 
frame rate values to be multiplied by 1000/1001 (i.e., 59.94 
Hz, instead of 60 Hz). 

TABLE 1 



Active 


Active 


Aspect 




Vertical Lines 


Pixels 


Ratio 


Picture Rate 


lOfiO 


1920 


16:9 


601, 30P, 24P 


720 


1280 


16:9 


60P, 30P, 24P 


480 


704 


16:9 and 4:3 


60P, 601, 30P, 








24P 


480 


640 


4:3 


60P, 601, 30P, 








24P 



20 



25 



30 



35 



The 640x480 and 704x480 formats are of particular 
importance and, more specifically, the issue of upconverting 
480 line format video signals for display on a 1080 line 
display device. The ratio of 1080:450 is 9:4, a relationship 
that was specifically chosen to be the ratio of small integer 
numbers, though implementation of such an upconversion is 
relatively complicated. 

lb reduce system cost and complexity, the DTV receiver 
100 of FIG. 1 avoids the above-described 9:4 ratio vertical 
resolution upconversion (i.e., 1080:480) by instead upcon- 
verting at a 2:1 ratio (i.e., 960:480). That is, a 480 line video 
signal is upconverted to a 960 line video signal using a less 
complex 2:1 vertical upconversion (i.e., resizing) operation. 
Such a 2:1 upconversion is performed by vertical resizer 
140, in response to control signal VS from controller 150, by 
simple interpolation of a new horizontal scan line between 
each existing scan line. Thus, in the case of a 480 line input 
signal, the vertical resizer 140 produces a an output video 
signal S6 having a 960 fine format. As previously noted, 
prior to performing a vertical resolution upconversion 



50 



55 



60 



operation, a 480 line interlaced video signal (or any inter- 
laced signal to be displayed on a progressive scan display 
device) is preferably de-interlaced to produce a 480 line 
progressive scan video signal, thereby avoiding the display 
of interline artifacts on a progressive scan display device. 

To reduce system cost and complexity, the DTV receiver 
100 of FIG. 1 utilizes a non-standard frequency for raster 
clock f^T- (i.e., the display clock). Such use of a non- 
standard frequency is possible because the video informa- 
tion to be displayed in a DTV system is not associated with 
a particular timing or synchronizing signal, such as the 
synchronizing pulses within a standard (i.e., analog) video 
signal. Moreover, the display raster signals within a DTV 
display system do not need to conform to the standard raster 
frequencies commonly used in existing television display 
systems. For example, the typical display clock frequency 
used for both the 1920x1080 and 1280x720 display formats 
is 74.25 MHz. TTius, the above-described 67.5 MHz and 81 
MHz frequencies are attractive since they are both near 
74.25 Hz, and they are both easily derived form the 27 MHz 
system clock f^. It is desirable to provide clock frequen- 
cies that are relatively close to the standard clock 
frequencies, since the display device intended to be driven 
by the standard frequencies may have been optimized for 
use at those frequencies. For example, display devices 
comprise a number of tuned circuits for deflection and a 
shadow mask which is designed to support a particular 
scanning structure. The 94.5 MHz and 108 MHz are suitable 
for use in, e.g., liquid crystal displays and projection dis- 
plays. 

In order to use a non-standard display clock frequency 
(and the horizontal and vertical deflection signals derived 
from the display clock) to drive a display device, the 
standard format of the video signal to be displayed on the 
device must also be modified. This modification of the video 
signal is performed by the video processing circuitry 
described above. Specifically, the vertical resizer 140 and 
horizontal resizer 150 provide a format conversion function 
that is controlled by the controller 200. Similarly, the frame 
buffer provides a frame rate conversion function that is 
controlled by the controller 200. 

In the exemplary embodiment of FIG. 1, the frame rate of 
the output video signal S8 is selected to be 30 Hz. However, 
this frame rate may be modified to, e.g., 60 Hz or 72 Hz if 
desired. For example, a method for synchronizing frame rate 
control and format control operations is described in more 
detail in co-pending U.S. patent application Ser. No. 09/001, 
596 (Attorney Docket No. 12213), filed on the same day as 
the present application, and incorporated herein by reference 
in its entirety. Specifically, the described method and appa- 
ratus utilize electronic format and frame rate conversion in 
a multiple format video processing system adapted to avoid 
display motion artifacts causes by 3:2 conversion of 24 Hz 
video source video by tripling the frame rate of the source 
video and responsively adjusting the format of the resultant 
video signal. An example of a video processing system that 
automatically adjusts video processor operations, such as 
horizontal peaking, vertical peaking and colorimetry 
parameters, depending upon the format of a received video 
signal is described in more detail in co-pending U.S. patent 
application Ser. No. 09/001,620 (Attorney Docket No. 
12669), filed on the same day as the present application, and 
incorporated herein by reference in its entirety. 

To further reduce system cost, the DTV receiver 100 of 
FIG. 1 provides a fixed horizontal scanning frequency for 
use by the display device 175. Moreover, as previously 
raster clock fj^sr we fixed • horizontal scanning fre- 
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quency provided to the display device 175 are derived, in a 
straightforward manner, from the MPEG system clock f^. 

FIG. 2 depicts a representation 200 of total and active 
picture areas of a 16x9 aspect ratio picture produced by a 
display device. Specifically, FIG. 2 shows an active picture 5 
area A comprising a number of active lines AL and a number 
of active pixels AP bounded by a blanked picture area B. The 
total number of lines is denoted as TL, while the total 
number of pixels is denoted at TP. Prior art DTV receivers 
typically produce a picture having active line AL and active 30 
pixel AP parameters corresponding to the vertical line and 
pixel parameters of Table 1. 

For purposes of the following discussion, it will be 
assumed that display device 175 comprises a high definition 
display device capable displaying 1080 active lines (out of 35 
1125 total lines) at a resolution of 1920 active pixels per line 
(depending upon the raster clock t^sr arK * the horizontal 
deflection frequency H-DEF). Moreover, it will be assumed 
that the selected raster frequency ijo^sr is 67.5 MHz or 81 
MHz. 20 

As previously mentioned, an aspect of the present inven- 
tion is the utilization of raster clock frequencies f^^rr an ^ 
horizontal deflection frequencies H-DEF that are related in 
a straightforward manner to the 27 MHz system clock f^. 25 
A typical raster clock frequency that is used for both 
1920x1080 and 1280x720 format video signals is 75 MHz. 
As such, several of the raster clock frequencies ij^sr 
deemed by the inventor to be useful in practicing the 
invention are 67.5 MHz (5x27 MHz/2), 81 MHz (3x27 
MHz), 94.5 MHz (7x27 MHz/2) and 108 MHz (7x27 MHz). 
As previously discussed with respect to timing circuit 110, 
these raster clock frequencies f^sT are relatively easy to 
produce using various known frequency scaling techniques. 
Moreover, the raster generator 190 may easily produce a 3S 
horizontal deflection frequency of 33.75 kHz by dividing a 
67.5 MHz raster clock (j^st dv 2000, or by dividing an 81 
MHz raster clock f^sr DV 2400. Thus, the raster clock 
in conjunction with the selected horizontal deflection fre- 
quency H-DEF, determines the maximum number of pixels 4Q 
that may be displayed in a single horizontal line. 

To satisfy the constraint of providing a fixed horizontal 
deflection frequency H-DEF and a raster clock frequency 
£rast related to the system clock frequency f^, the rela- 
tionship between picture information and display timing 45 
must be roughly balanced. This rough balance, or 
relationship, may be mathematically described by the fol- 
lowing equation: 

Referring to the above equation, the total number of active 
(^active) ancl blank (? BLANK ) pixels multiplied by total 
number of active (Lacttve) an d blank (\^ B lank) uncs * s 
equal to raster clock frequency (fj^T-) divided by the frame 
rate (e.g., 30 fps), where all pixel and line values are 55 
integers. Thus, to utilize a fixed horizontal deflection fre- 
quency H-DEF and a raster clock frequency fR^- related to 
the system clock frequency f^y, the controller 150 causes 
vertical resizer 140 to adjust the number of lines and/or 
horizontal resizer 150 to adjust the number of pixels in the 60 
video information represented by the decoded video signal 
S4. 

In accordance with the invention, the total number of 
pixels per line for a given display is determined by the total 
number of lines native to the display, the selected raster 
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clock frequency f^^ and the selected frame rate. For 
example, in the case of a display having 1125 lines (total), 
a raster clock of 67.5 MHz and a frame rate of 30 fps, the 
total number of pixels per line may be calculated as: 
(Pactive+Vblank)^ 1 - 5 MHz/30/1125=2000 pixels. 
Similarly, if the raster clock is changed to 81 MHz, the total 
number of pixels per line may be calculated as: (P AC r/vE + 
P*z^vk)=81 MHz/30/1 125=2400 pixels. 

Further in accordance with the invention, the number of 
active lines to be displayed is determined by straightforward 
interpolation (if necessary), illustratively, a 2:1 upconver- 
sion of a 480 line formatted video signal to a 960 line 
formatted video signal. Moreover, the number of active 
pixels and active fines in a picture is determined, in the case 
of MPEG, typically using simple multiples of 16 to reflect 
the fact that each macroblock represents 16 pixels and 16 
lines of picture. A simple multiple may be a power of two 
scaling, which can be implemented in hardware using 
simple shift registers, or in software using shift or rotate 
commands. 

Furthermore, when switching between video streams or 
signals having different formats, it is undesirable to have a 
perceptible difference in total brightness. The perceived 
level of brightness is related to the number of active (i.e., 
displayed) pixels and, in the case of a cathode ray tube 
(CRT) type of display device, the amount of time that the 
electron beam is active (rather than blanked). Thus, to keep 
perceived level of brightness approximately constant when 
switching between video streams or signals having different 
formats, the controller utilizes vertical resizer 140 and 
horizontal resizer 150 to keep the total number of active 
pixels to remain approximately constant. 

Table 2 shows a listing of several video format and raster 
clock combinations suitable for displaying, e.g., ATSC for- 
mat video signals on a fixed horizontal scan frequency 
display device. Specifically, the contents of Table 2 are 
directed toward a display device having a fixed horizontal 
deflection frequency of 33.75 kHz, and a total of 1125 lines 
(including active and blanking lines). It must be understood 
that the information contained in Table 2 is based on a video 
frame rate of 30.00 Hz. The ATSC standard, and other 
standards, also allow 29.97 Hz frame rates (i.e., a factor of 
1000/1001 frame rate reduction). Therefore, slight modifi- 
cations to, e.g., the horizontal deflection frequencies and/or 
raster clock frequencies listed in Table 2 can easily be made 
to accommodate 29.97 Hz frame rates 

The first and second examples in Table 2 are directed 
toward keeping the total number of lines and pixels per fine 
constant. The result is to have slightly different display 
window sizes. That is, input video signals having a 480 line 
format are scaled up to a 960 line format, while input video 
signals having a 1080 line format are displayed at the 1080 
line format. In the first example includes the raster clock 
frequency fj^sj- is 67.5 MHz, while in the second example 
the raster clock frequency f^jris 81 MHz. 

The third example of Table 2 is directed toward reducing 
the differences in display window size by slightly cropping 
the 1080 fine transmitted image in a display using a raster 
clock frequency i^sr °f 67.5 MHz. This reduction in 1080 
line window size is less noticeable than the change in display 
windows of the first example. That is, the visual effect of 
slightly cropping the higher definition formatted video sig- 
nals is less noticeable than the change in display window 
size in the first two examples. 
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TABLE 2 
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1125 


1856 inset in 1920 
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2000 


33.75 kHz 


67.5 MHz 


(Cropped) 




(1920-64 cropped) 









Referring now to the third example of Table 2, the native 
format of the display device 175 of the DTV receiver 100 of 20 
FIG. 1 is characterized by a 33.75 kHz horizontal deflection 
frequency, a 30 frames per second refresh rate, and a total of 
1125 horizontal scan lines (including active and blank lines). 
In addition, the raster clock is 67.5 MHz. Thus, as 
discussed above, the total number of pixels per line is ^ 
calculated to be 2000. The third example is directed toward 
reducing the differences in display window size of the first 
two examples by slightly cropping the 1080 line transmitted 
image. 

The operation of the DTV receiver 100 will now be 
discussed within the context of an input video signal S2 30 
having a format of 1920 pixels by 1080 lines (i.e., a high 
definition video signal). One skilled in the art will be able to 
adapt the teachings of the invention to video signals having 
other video formats, such as those depicted in Table 1. 

If the video signal S2 comprises an interlaced video 35 
signal, the optional de-interlacer 130 may be utilized in the 
above-described manner to convert the interlaced video 
signal into a non-interlaced video signal S3. Similarly, if the 
video signal S2 comprises a video signal having a frame rate 
other than 30 Hz, the controller 200 will effect a frame rate 40 
conversion using the frame buffer 160 in the manner 
described above. 

In the case of the input video signal S2 having a format 
of 1920 pixels by 1080 lines (i.e., a high definition video 
signal), the read address generator is used to crop 64 active ^ 
pixels per line (e.g., remove the first and last 32 pixels of the 
line) to provide 1856 active pixels per line, and to crop 56 
active lines per frame, to provide 1024 active lines per 
frame. These active line and active pixel parameters were 
selected to provide straightforward scaling parameters suit- 
able for scaling the horizontal and vertical aspects of the 50 
video formats depicted in Table 1. Moreover, the active line 
and active pixel parameters were selected to provide rela- 
tively constant brightness levels when switching between 
formats. 

In the important case of the input video signal S2 having 55 
a format of 640 pixels by 480 lines, the DTV receiver 100 
will operate as follows. First, if the video signal S2 com- 
prises an interlaced video signal, the de-interlacer 130 is 
utilized in the above-described manner to convert the inter- 
laced video signal into a non-interlaced video signal S3. 60 
Second, the vertical resizer 140 doubles the vertical format 
of the video signal using, e.g., an interpolation technique to 
produce a 640 pixel by 960 line video signal S6. Thus, in the 
case of a 640 pixels by 480 lines, the number of active lines 
will be 960 while the number of blank lines will be 165. 65 

A 640 pixels by 480 lines video signal conforming to 
MPEG standards is represented by a 40 by 30 macroblock 



grid. By doubling the number of lines, the representative 
macroblock grid becomes a 40 by 60 grid. To calculate the 
appropriate number of pixels per line, it is desirable to 
determine how many "horizontal" macroblocks may be 
added to the macroblock grid given the available number of 
pixels. In the first example, there are a total of 2000 pixels 
per line available, though only 1920 may be used as active 
pixels. Thus, the maximum number of "horizontal" macrob- 
locks is 120 (i.e., 1920/16). However, to keep the scaling 
factors relatively simple, and the perceived level of bright- 
ness approximately constant when switching between video 
streams or signals having different formats, the number of 
active pixels selected is 1856. 

The inventor selected 1856 active pixels per line in a 
nominal 1920 pixel per line format for several reasons. The 
amount of pixels in a 1920 pixel line maybe reduced to 1856 
pixels by removing exactly 32 pixels from each end of the 
line. It must also be noted that 32 pixels represent two 
macroblocks and that the number 32 is an easily manipu- 
lated base two number. 

The information contained within Table 2 is directed 
toward a display device having a fixed horizontal deflection 
frequency of 33.75 kHz, and a total of 1125 lines (including 
active and blanking lines). Specifically, Table 2 is directed 
toward a display device having a native display format of 
1920 pixels by 1080 lines. It must be noted that the teachings 
of the invention may be utilized to replicate information of 
the form presented in Table 2 to the native format of a 
different display device. Moreover, the raster frequencies of 
67.5 MHz and 81 MHz depicted in the exemplary embodi- 
ment may be adapted to be similar to a raster frequency 
native to the different display device. Specifically, a raster 
clock tfiAsr may be selected that is easily derived from a 
system clock, yet similar to the raster frequency typically 
used in a the different display device. 

The above-described video processing system provides 
several advantages over prior art systems. For example, by 
utilizing a 2:1 vertical upconversion in the important case of 
a 480 line format video signal, the circuit complexity is 
reduces when compared to the standard 9:4 upconversion 
circuitry. In addition, by synchronizing the raster clock to the 
system clock, the above -described system only requires a 
single clock circuit. Moreover, by selecting a raster fre- 
quency that is easily derived from the system clock the 
scaling circuitry necessary to produce the raster clock is 
greatly simplified. It must also be pointed out that the 
coordinated video format and frame rate conversion 
functions, when utilized in conjunction with the display 
timing function, provide a comprehensive approach to the 
design of cost-effective DTV television receivers. 
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One advantage of the above -described invention allows 
the use of a single precision clock source, such as a voltage 
controlled crystal oscillator, to derive all necessary clock 
signals. Moreover, the above-described invention does not 
require a different raster clock for each video format in, e.g., 5 
a DTV system. Such an advantage is especially useful in low 
cost systems. 

It must be noted that the invention contemplates the use 
of other native display formats and other raster frequencies. 
The criteria for adapting the various DTV formats for 
display on a different display device is detailed above. First, 
a raster frequency f^^ is selected that is both easy to scale 
from the system clock (e.g., 27 MHz for MPEG systems), 
and near the conventional display clock frequency for the 
particular type of display device selected. Second, format 
conversion and frame rate conversion factors are determined 15 
in a manner that provides ease in video scaling calculations, 
and consistency in display window size and picture bright- 
ness which switching between various video formats. 

In one embodiment of the invention, the video decoder 
120 includes a 2:1 vertical resizer 122 that operates in the 20 
DCT domain. Specifically, video decoder 120 includes addi- 
tional circuitry that is responsive to format information 
within the sequence header of the video signal S2. A method 
and apparatus for performing such a 2:1 upconversion in the 
DCT domain is disclosed by Martucci in U.S. Pat. No. 25 
5,764,805, issued Jun. 1, 1998, and incorporated herein by 
reference in its entirety. 

In one embodiment of the above -described invention, the 
controller 200 optionally produces a control signal 
DE-FOCUS that is related to the native line format of the 30 
display device and the number of scan lines provided to the 
display device. To reduce the "black space" between hori- 
zontal lines, the electron beams producing the lines may be 
slightly defocused, thereby increasing the thickness of each 
displayed line such that the "black space" between the lines 35 
is reduced. The amount of defocusing required to fill in the 
black space is related to the reduction, below a native 
format, of the number of lines to be displayed. Thus, the 
control signal DE-FOCUS provides an indicia of the 
reduction, below a native format, of the number of lines to 40 
be displayed. 

The control signal DE-FOCUS is coupled to the display 
175. In response to the control signal DE-FOCUS, the 
display 175 adjusts the focal point or otherwise causes the 
electron beams to converge upon a slightly larger area of the 45 
phosphor layer of the display than the nominal beam area 
convergence area. Thus, the control signal DE-FOCUS is 
used to widen, in a vertical manner, the electron beams 
within the display. 

It is important to note that the use of the above-described 50 
optional defocusing method will preserve the brightness 
level of the display, since more of the display surface will be 
emitting light. As previously discussed, the display bright- 
ness should be approximately constant for each video format 
produced using a particular display device. Moreover, the 55 
amount of black space that may be absorbed using the 
defocusing method is limited by the structure of the shadow 
mask, the circuitry within the display device, and other 
factors known to those skilled in the art. 

The above -described invention advantageously provides 60 
for a DTV receiver having a single master clock producing 
a raster or pixel clock from which a 27 MHz system clock 
and, optionally, an additional decoder clock having a dif- 
ferent frequency, is easily synthesized. The DTV receiver 
includes a means of formatting a video signal that produces 65 
a formatted output video signal that is appropriate to a 
display raster derived from the raster clock f/jAsr. 
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Although various embodiments which incorporate the 
teachings of the present invention have been shown and 
described in detail herein, those skilled in the art can readily 
devise many other varied embodiments that still incorporate 
these teachings. 

What is claimed is: 

1. Apparatus for processing an input video signal having 
one of a plurality of display formats to produce an output 
video signal suitable for use by a display device, said display 
device utilizing a fixed frequency horizontal deflection sig- 
nal and a vertical deflection signal, said apparatus compris- 
ing: 

a format converter, for selectively adapting at least a 
horizontal display format of said input video signal to 
a horizontal display format defined by aid fixed fre- 
quency horizontal deflection signal; 

a frame rate converter, coupled to said format converter, 
for selectively adapting a frame rate of said input video 
signal to a frame rate of said display device; 

a raster generator, for generating, in response to a raster 
clock signal, said fixed frequency horizontal deflection 
signal and said vertical deflection signal, said vertical 
deflection signal having a frequency defined by a 
vertical display format of said output video signal; and 

a clock circuit, responsive to a program clock reference 
(PCR) associated with said input video signal, for 
producing a system clock signal and said raster clock 
signal, said raster clock signal being generated by 
frequency scaling said system clock signal. 

2. In a system for processing a video stream associated 
with at least one of a plurality of video display formats, a 
method for generating video and timing signals for use by a 
display device having a substantially fixed horizontal scan- 
ning frequency, said method comprising the steps of: 

identifying a video display format associated with said 
video stream; 

generating, in response to a program clock reference 
(PCR) associated with said video stream, a system 
clock signal and a raster clock signal, said raster clock 
signal being generated by frequency scaling said sys- 
tem clock signal; 

generating, in response to the raster clock signal, a 
substantially fixed frequency horizontal synchronizing 
signal and a vertical synchronizing signal, said sub- 
stantially fixed frequency horizontal synchronizing sig- 
nal and said vertical synchronizing signal defining an 
active viewing area of a display device, said vertical 
deflection signal having a frequency defined by a 
vertical display format of said video stream; and 

adapting at least a horizontal display format of said video 
stream in response to a horizontal display format 
defined by said fixed frequency horizontal deflection 
signal. 

3. The apparatus of claim 1, wherein said display format 
of said output video signal is adapted to a display format 
having a predetermined ratio of active fines to blank lines, 
said predetermined ratio of active lines to blank lines 
defining an average brightness level of the display device for 
said adapted display format. 

4. The apparatus of claim 3, wherein said average bright- 
ness level of said display device is the same for each of a 
plurality of display formats. 

5. The apparatus of claim 3, wherein said predetermined 
ratio of active lines to blank lines is determined with respect 
to the following equation: 
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(?AcrrvE+YaLA^tdQ-ACTTVE+U!w3=v raster 13. The method of claim 12, wherein said average bright- 
ness level of said display device is substantially the same for 
each of said plurality of display formats. 

^active comprises the total number of active pixels in 14 The me thod of claim 12, wherein said predetermined 

each displayed line; s ra tj 0 of active lines to blank lines is determined with respect 

^ blank comprises the total number of blank pixels in each t 0 the following equation: 
displayed line; 

L ACT/VE comprises the total number of active displayed $ACTrvt+*Bi^Nid^ACTrvt*^tujwid-*RAST#K 
lines; 

^ blank comprises the total number of blank displayed 

lines; ? active comprises the total number of active pixels in 

$rast comprises the raster clock frequency; and each displayed line; 

FR comprises the display frame rate. ^blank comprises the total number of blank pixels in each 

6. The apparatus of claim 1, wherein: 15 displayed line; 

said display device provides at least a 960 display lines Active comprises the total number of active displayed 

and said horizontal display format of said input video lines; 

signal comprises a 480 line format; and comp rises the total number of blank displayed 

said format converter operates to double said horizontal lines; 

display format of said input video signal to produce an 20 „ t , , r , 

r 7 ., . ,. ? i- r . Frast comprises the raster clock frequency; and 

output video signal having a 960 line format. r ^ J 

7. The apparatus of claim 5, wherein: FR comprises the display frame rate. 

said display device provides at least a 960 display lines 15 ; ^ meth ° d otJ^U 9 ^xtmsM display device 

and said horizontal display format of said input video P r0Vldcs at lcast a 960 ^P^y lines, said horizontal display 

signal comprises a 480 line formal; 25 format of sajd vldeo stream comprises a 480 line format, and 

c . , . . j ui -ju - *i said step of adapting comprising the step of: 

said format converter operates to double said horizontal r r & r & r 

display format of said input video signal to produce an doubling said horizontal display format of said video 

output video signal having a 960 line format, stream to produce a video stream having a 960 line 

8. The apparatus of claim 1, wherein said clock circuit 30 format. 

comprises* 1^- The method of claim 12, wherein said display device 

phase locked loop circuit, responsive to a program clock P rov , ides , 41 least f a 9 f lines Md ™* ho ™? tl1 

reference (PCR) within a transport stream bearing said {oT ^ 1 of ™* vldeo stream ?°n»P™« * Lnc 

input video signal, for producing said system clock; format > 531(1 ste P of ada P tm S com P nsin e «•» s,e P of: 

anc j 35 doubling said horizontal display format of said video 

r , . * 1 i * 1 stream to produce a video stream having a 960 line 

a frequency scalar, responsive to a raster clock control ^ p B 

signal, for scaling said system clock to produce said „ °i ma - , r * , 

raster clock method of claim 12, wherein said reference clock 

9. The apparatus of claim 8, wherein said system clock si S nal «»~iated with said video stream comprises: 
frequency comprises a 27 MHz clock frequency, and said 40 a program clock reference (PCR) within a transport 
raster clock frequency comprises one of a 67.5 MHz clock stream bearing said video stream. 

frequency, a 81 MHz clock frequency, a 94.5 MHz clock 18 - The method of claim 17, wherein said system clock 

frequency and a 108 MHz clock frequency. frequency comprises a 27 MHz clock frequency, and said 

10. The apparatus of claim 1, wherein said raster genera- raster clock frequency comprises one of a 67.5 MHz clock 
tor selectively causes said display device to operate in a 45 frequency, a 81 MHz clock frequency, a 94.5 MHz clock 
de-focused mode of operation, said display device produc- frequency and a 108 MHz clock frequency. 

ing a wider electron beam in said de-focused mode of 19. The method of claim 12, further comprising the step 
operation. 

11. The apparatus of claim 10, wherein said de-focused selectively causing said display device to operate in a 
mode of operation is used to provide an average brightness 50 de -focused mode of operation, said display device 
level of said display for each of a plurality of display producing a wider electron beam in said de-focused 
formats. mode of operation. 

12. The method of claim 2, wherein said display format of 20. The method of claim 19, wherein said de-focused 
said video stream is adapted to a display format having a mode of operation is used to provide an average brightness 
predetermined ratio of active lines to blank lines, said 55 level of said display for each of a plurality of display 
predetermined ratio of active lines to blank lines defining an formats. 

average brightness level of the display device for said 

adapted display format. ***** 
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